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(57) Abstract 



An apparatus detects the presence and loca- 
tion of at least one object in a field. The apparatus 
comprises a rotating arm (44) which spins around 
the field, a position sensor (48) for detecting the 
angular displacement of the rotating arm (44) rel- 
ative to a fixed point, and a processor (U9). The 
rotating arm (44) includes a transmitter (64) and 
an opposing receiver array (72) mounted tha:eon 
and fixed relative to each other. Hie receiver ar> 
ray (72) includes a plurality of receivers (68) lo- 
cated horizontally coplanar with each other. The 
receivers (68) are concentrated towards one side 
of the receiver array (72) which is aligned with 
a center region of the dartboard. The transmitter 
(64) outputs a detection beam (76) tiiat emanates 
from a single point, such as a divergent beam. 
The detection beam (76) overiaps die field and is 
simultaneously received at all times by the plu- 
rality of receivers (68) of the receiver array (72). 
Hie receivers (68) detect changes which occur in 
the field as a result of an object being in the field. 




manifested by shadows on the field. The proces- 
sor (U9) receives output signals from the plurality of receivers (68) and angular displacement data corresponding to die output signals, and 
determines therefrom the presence and location of an object in the field. The fi^d may be a dartboard (14) front .surface and the detected 
object in the field may be a dart (12) which lands on the dartboard (14) front surface. The dartboard (14) may be a Bandit® dartboard. 
The dartboard (14) may be mounted in a housing (30) wherein die front of die housing (30) includes an outer catch ring area (33) having a 
plurality of removably attachable catch ring segments (34) made of dart-permeable and dart catching material. The processor (U9) detects 
when a player's turn is over by detecting removal of the darts (12) from the dartboard (14) and automatically advances a scoring display 
(38) to the next pljayer. 
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TTTLE OF THE INVENTION 
SYSTEM FOR DETECTING THE PRESENCE AND LOCATION OF 
AT LEAST ONE OBJECT IN A FIELD BY USING A DIVERGENT 
5 RADIATION SOURCE AND AN ARRAY OF OPPOSED 

PLURAL DETECTORS WHICH ROTATE TOGETHER AROUND THE FIELD 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is related to U.S. Application No. 08/61 1,009 filed March S, 
1996, entitled "APPARATUS FOR DETECTING THE PRESENCE AND LOCATION 
10 OF AT LEAST ONE OBJECT IN A FIELD", abandoned, now U.S. Application No. 
08/914,026 filed August IS, 1997, the disclosure of ^ch is incorporated herein by 
reference. This ^ipiication is also related to U.S. Application No. 08/800,301 filed 
February 13, 1997, now U.S. Patent No. 5,805,288, entitled "APPARATUS FOR 
DETECTING THE PRESENCE AND LOCATION OF AT LEAST ONE OBJECT IN A 
15 FIELD," tiie disclosure of vAuch is incorporated hoein by refoence. 

BACKGROUND OF THE INVENTION 
Systems for detecting object presence and location in a field by using a radiation 
beam vdiich rotatiBS around the field are disclosed in GB 2,196,1 14 (Hoare) and 
WO87/0S688 (Fenner et al.). Both of ttese systems project radiation beams or light 
20 beams across die sm^e and receive the light at one or more opposed receivers. When 
an object is ptesoit in the field, it casts a shadow in an imaginary line between the light 
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source and receiver. Both of tiiese systems operate on die prindple that if two such 
imaginary lines can be detected at different angular positions as die transmitter rotates 
around the field, thim die position of the object may be detected fiom die intersection of 
(he two lines. GB 2,196,1 14 (Hoare) discloses a dartboard inqilementation of the 

5 invention wherein a single li^t source and li^ detector rotate as a pair around the 

circumference of a dardioard surface. The scheme in this patent causes a dead area in the 
bullseyeofthedardxianL No points in the dead area are detectable. Thus» darts that hit 
the buUseye are not detected. To detect objects in the dead area, it is necessary to 
physically move the scanning £q>paratus in a sideways direction. This additional step 

10 increases the complexity and scan time of the scanning process. WO87/05688 (Femier et 
al.) also discloses an object detection device A^ch may be used for locating darts on a 
dart board sur&ce. The device uses one or more transmitters and receivers arranged 
around the edge of the s\ir&ce. The preferred embodiment in Feimer et al. uses one or 
more movable transmitters v/idch emit either narrow or divergent (broadcast) light beams 

15 that are received by stationary receivers. Alternatively, the transmitter(s) may be fixed 
and the receiver(s) may be movable. Fig. la of Femier et al. shows a narrow light beam 
emitted from a single movable transmitter which is detected individually by a plurality of 
fixed receivers. Fig. lb of Feimer et al. shows a divergent light beam emitted from a 
single movable transmitter ^^ch is simultaneously detected by a groiqiing of a plurality 

20 of stationary receivers. 

When using automated devices to detect objects on a surface, such as darts on a 
dardx)ard, position accuracy is of primary importance. Dart players must be able to rely 
upon the results of the automated scorer under a variety of adverse conditions. Darts may 
be thrown in rapid succession, thereby requiring the automated scorer to work quiddy. 

25 Leaner darts must be accurately placed in the right segment A dart \v^ch hits very close 
to a previously thrown dart must be accurately detected. Darts must be accurately 
detected anywhere on the dart sur&ce. It is also preferred that the automated scorer be 
inexpensive, easy to manufacture, and able to be retrofitted to conventional dartboards. 
None of the prior art schemes meet all of these critma. The present invention fiilfills die 
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previously unmet need for an object presence and location d^ection device which meets 
all of diese criteria. 

BRIEF SUMMARY OF THE PRESEOT INVEhrnON 
An s^aratus is provided for detecting the presence and location of at least 
one object in a field. The appatatas compriises a rotating arm which spins around the 
field, a position sensor for detecting the angular displacement of the rotating arm relative 
to a fixed point, and a processor. The rotating arm includes a transmitter and an opposing 
receiver array mounted thereon. The receiver array includes a plurality of receivers 
located horizontally coplanar with each other. The transmitter and receiver array are 
fixed relative to each other. The transmitter outputs a detection beam that emanates fi:om 
a single point, overl^s the field, and is simultaneously received at all times by the 
plurality of receivers of the receiver array. The receivers detect changes which occur in 
the field as a result of an object being in the field. The processor receives output signals 
from the plurality of receivers and angular displacement data corresponding to the output 
signals, and determines therefrom the presence and location of an object in the field. 

In one embodiment of the present invention, the field is a dartboard &ont 
surface and the detected object in the field is a dart which lands on the dartboard front 
surfiace. The dartboard may be a bristie dartboard having an inner bull and an outer bull 
arranged concentrically on the bristie dartboard, and a fiamework of interlocked, radial 
strips and circumferential strips mounted on the bristie dartboard to delineate diffident 
scoring segments, each radial strip being connected to the outer bull and a plurality of the 
radial strips being also coimected to the inner bull. Hie dartboard may be mounted in a 
housing wherein the front of the housing includes an outer catch ring area having a 
plurality of removably attachable catch ring segmmxts made of dart-permeable and dart 
catching material. 



wo 99/40388 



PCTAJS99/02378 



BRIEF DESCRIFnON OF TEIE DRAWINGS 

The following detailed description of prefened embodiments of the presoit 
invention would be better understood when read in conjunction with the appended 
drawings. Fordiepurposeof illustrating the preset invendon, there is shown in ttie 
drawings embodiments vMch arc presently p refer red It should be understood, however 
that die present invention is not liinited to the precise axrangements and instrumentalities 
shown. In the drawings: 

Fig. 1 is a firont elevational view of a stand-alone dartboard machine in 
accordance with a preferred embodiment of the present invration; 

Fig. 2 is a front elevational view of the machine of Fig. 1, shown with the front 
cover removed, and portions of the dartboard broken away; 

Fig. 3 is a sectional view along line 3-3 of Fig. 8 

Fig. 4 is a sectional view along line 4-4 of Fig. 1 ; 

Fig. 5 is a sectional view along line 5-5 of Fig. 1 ; 

Fig. 6 is a sectional view along line 6-6 of Fig. 3 

Fig. 7 is an exploded view of the dartboard mounting apparatus, the drive 
elements of the rotating aim, and the arm position sensing elements; 

Fig. 8 is a front elevational view illustration of the inside of the dartboard showing 
the rotating aim, the transmitter and receivers mounted thereon, the resultant imaginary 
detection beams, and the arm position sensing elements; 

Figs. 9A, 9B and 9C illustrate how the present invention minimizes scoring 
inaccuiacies caused by leaners; 

Fig. 10 shows a transmitter signal and a plurality of receiver signals caused by 
different conditions on the dartboard sm&ce; 

Fig. 1 1 shows a mid-section side view of the dartboard machine in accordance 
with a preferred embodiment of the present invention; 

Fig. 12 is a schematic diagram of the hardware of die transmitter of Fig. 8; 

Figs. 13A-13G are schematic diagrams of the hardware of the receive of Fig. 8; 
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Fig. 14 b a scbeniatic diagram ofthemicropioc^SQr of 

Fig. 8; 

Figs. ISA and 15B show a revolution detection scheme for use with the present 
invention; 

Fig. 16 illustrates aspects of a dart shadow detection scheme for use by the 
scoring computer of the present invmtibn; 

Fig. 1 7 shows the detection beam paAs for the centermost receivers of Fig. 8; 

Fig. 1 8 shows a sonic detection circuit for use with the present invention; 

Figs. 19A, 19B and 19C show dartboards and dartboard portions for illustrating a 
dart board calibration procedure; 

Fig. 20 shows geometrically one example of how to detect the position of a dart 
after two shadow center lines are determined from two different ^j}pA^T positions of the 
rotating arm of the present invention; 

Figs. 21 A and 21B show a calibration tool for use in a preferred dart board 
calibration procedure; and 

Fig. 22 shows the calibration tool of Figs. 21 A and 21B in place in a portion of a 
dartboard. 

DETAILED DESCRIPTION OF THE INVENTION 
Certain terminology is used herein for convenience only and is not to be taken as 
a limitation on the present invention. In the drawings, the same reference numerals are 
employed for designating tfie same elements diroughout the several figures. 

The present invention, in its most general sense, is an i^aratus and method of 
detecting the presence and location of at least one object in a field by creating detection 
beams that "overlq>" the field In the context of the present invention, the term "overlsp** 
is meant to be synonymous with "cover," encompass," or "project across." The detection 
beams rotate around tfie field, and an array of receivers detect changes which occur in the 
field as a result of an object being put in the field. The present invention operates on the 
principle that if two imaginary lines can be detected at different angular positions as the 
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txansmittBr rotates around Ihe field, thm the posMoii of the obj ect may be detected from 
die inteisection of die two lin^. 

The"field"maybea]]ysurfieice,aiidispiefiCTblyafiatsuii^ It is envisioned 
that any size or shape field may be monitorod by the present invention without departing 
5 from the invention, including two and three dimensional fields. In the presently disclosed 
embodiment of the invention, the field is a round dartboard sur£Eu:e, the object(s) is a 
dart(s), and the system detects the presence of the dart(s) on the dartboard surface. 

The present invention also includes a novel scheme for moimting a dartboard to 
the presence and location detection apparatus in a manner that ensures accurate dart 
10 detection. 

The present invention further includes a method and q)paratus for detecting the 
presence of darts on the dartboard sur&ce of a particular type of dartboard which forms 
its spider using a framework of interlocked metal radial strips and circumferential metal 
strips pressed into a bristie dartboard. Such a dartboard is disclosed in U.S. Patent No. 

15 5,4 1 7,437 (Coppard et al.), which is incorporated herein by reference, and is 

manu&ctured by Puma Dart Products, Ltd, Kaikati, New Zealand, and commercially 
sold as the Bandit® dartboard. The scope of the invention, however, includes detection 
sqpparatus that functions widi other types of bristleboaid dartboards, dartboards having 
other types of surface hitting mat^al, and dartboards which have electronic dart 

20 detecting sur&ce and use plastic-tipped darts, such as those shown and described in U.S. 
Patent No. 4,057,251 (Jones et al.); U.S. Patent No. 4,516,781 (DeVale et al.); U.S. 
Patent No. 4,793,618 (Tillery et al.); U.S. Patent No. 4,881,744 (Hansen); U.S. Patent No. 
4,974,857 (BeaU et al.); U.S. Patent No. 5,1 16,063 (Harlan et al.); and U.S. Patent No. 
5,401,033 (Lycttock, Jr.), the subject matter of which are incoiporated hereui by 

25 reference. 

Fig. 1 showsafrontviewof a dartboard machine 10 which uses the novel . 
presence and location detection apparatus (hereafter, "object detection device") to detect 
darts 12 ^^ch hit (and remain attached to) dartboard 14. The darts 12 may be steel- 
tipped darts, which are favored by most dart players, or they may be made of any other 
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material i^ch aUows thffli to stick into tiie dait^^ The daitfioaid machiiie 10 
shomi in the figures includes tfie following major conqionents: 

1. A conventional bristleboard dartboard 14. One prefened daitboard 14 is the 
Bandit® board discussed above. In this dartboard, a spider 16 is formed fixnn a 
S fiameworic of interlocked metal radial strips (e.g., radial divider 18) and drcumfoential 
metal strips (e.g«, segment divider 20) pressed into die bristle dartboard 14, thereby 
defining a plurality of pie-shaped target segmoits 22 for the different scoring areas. In 
Fig. 1, the spider 16 defines a buUseye 24, a plurality of inner pie segments 26, and a 
plurality of outer pie segments 28. In addition, as disclosed in U.S. Patent No. 5,417,437 
10 (Coppard et al.), the dartboard 14 may include a metal ring inside of the bullseye 24 to 
define an inner bullseye, the bullseye 24 thereby becoming an outer bullseye. The metal 
ring is not shown in Fig. 1 . However, additional figures described herein include inner 
and outer bullseyes. 

One advantage of using a dartboard which has metal dividers or metal wire 
IS overlays, instead of painted dividers, is that metal dividers or metal wire prevent darts 
fit)m landing between segments, thereby eliminating disputes regarding ^^ch segment 
the dart has hit. Fig. 1 shows three darts, 12|, 12} and I23. The darts 12} and 12, both 
landed at edges of segments, but are clearly locatable in a single segment 

Additional advantages are available ^en using a Bandit® metal divider-type 
20 dartboard with the present invention. The spider of the Bandit® dartboard projects very 
slightly above the dartboard sur&ce (e.g., about 1.0 mm to about 1.75 nun). The 
combination of the metal spider and the use of a slightly projecting spider helps to guide 
darts which would have hit between segments into one or the other segment, thereby 
minimizing the occurrence of leanm (i.e., darts ^^ch stick into the board at large 
25 angles) at edges of the segments. Leanm cause significant detection problems in prior 
art dart detection schemes, such as those disclosed in GB 2,196,1 14 (Hoare) and 
WO87/0S688 (Fmner et al.), because the detected location related to the shadow cast by 
a dart does not accurately represent the true location of 4ie dart tip. The leaner problrai 
is most sevoce when the dart hits near an edge of a segment (Leaners^diichhitindie 
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middle of s^meots i»nesent less of a problem, since even an inaccurate location 
detetminationmaystiUproperiy place the dart in the rig^segmraL Multiple beams, 
of&et fiom each otfaor m planes parallel to the dartixiard sui&ce (i.e., stacked beams), are 
used to detect such leaners. Examples of such schemes are shown in Figs. Ic and Id of 

S Fenner et al. and in Fig. 8 of U.S. .^splicadon No. 08/800,301 . The use of «tra 
detection beams and the circuitry necessary to process the additional detection beam 
information add cost and complexity to these detection devices. The Bandit^ dartboard 
minimizes the number of hard-to-detect leaners near segment edges, and thus eliminates 
the need for such multiple stacked beams when using the present invention. For example, 

10 as shown in Fig. 5, the dart 122 ^ leaning only slightly, even though it may have initially 
hit the board at an extreme angle. 

The present invention further takes advantage of the characteristics of the Bandit® 
dartboard by projecting the detection beam very close to the surface of the dartboard 14, 
such as about 1.5 mm above the spider 16, or about 2.5 rnm to about 3^5 mm above the 

15 dartboard surfiice, accoimting for the spider projection of about 1 .0 mm to about 1 .75 
mm. Distances up to about 2 mm above the spider 16 are also acceptable for accurate 
readings. The esqsosed sur&ce plane of the spider 16 is not completely planar due to 
manufacturing and assembly tolerances. C^onsequently, there may be slight elevations in 
the spider 16. Also, the sur&ce of a brisde dartboard is not completely smooth due to 

20 manufacturing tolerances. Furthermore, over time, pieces of the bristles protrude from 
the sur&ce and foreign material becomes stuck to the surface. As a result, if the detection 
beam is projected at or extremely close to the surface, such as less than 1 mm above the 
surfiice, and assuming tibat there is no raised spider 16, the detection beam would likely 
be Inoken by the dartboard sur&ce protrusions and erroneous detection signals would be 

25 generated. The dartboard surface protnisions generally do not extend beyoiid the r^ 
spider 16. Thus, by transmitting the detection beam slightly above the raised spider 16, 
the number of erroneous detection signals caused by surfiice protrusions and elevations in 
die spider 16 are minimized or reduced to zero, yet the detection beam is still close 
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«0ugh to the dartf>oard surface so that an accurate detCTnination can be made legarding 
which segment the dart has landed in. 

Referring again to tiie problem of leaners,. the Bandit® dariboard also reduces the 
incidmce of scoring maccuracies when a dart leans across two adjacent segmrats. 

5 Consida Figs. 9A, 9B and 9C wherein the dart 12 enters segment 1 of the dartboard 14 at 
an angle, leaning over segmrat 2. The angle of mddmce (i.e.» the amoimt of leaning) 
increases from Fig. 9A to 9C. In Fig. 9A, the dart detection point clearly places the dart 
12 in the coirect segment (segment 1). However, as the amount that the dart 12 leans 
over segment 2 increases, the dart detection point shifts to the right. In Fig. 9B, the dart 

10 detection point is still sufBciently within segment 1 to be properly scored. In Fig. 9C, the 
dart is leaning so much that the dart detection point is between segments 1 and 2, and 
accurate scoring is no longer possible. Of course, if the leaning became even more severe 
than shown in Fig. 9C, the dart detection point would move into segment 2, resulting in a 
clearly erroneous segment detection. 

IS When using the Bandit® dartboard, darts which hit the dartboard at extreme 

angles such as shown in Fig. 9C tend to fall out of the dartboard iqion impact, and thus do 
not cause scoring errors. 

Fig. 9B further illustrates the importance of using a detection beam vMch is very 
close to the dartboard surface. If the hypothetical detection beam is used, the dart 

20 detection point shifts significantly to the rig^t, and moves into segment 2, thereby 
causing a scoring error. 

2. A cabinet or housing 30 for moxmdng the dartboard 14 thereto. Front cover 32 
of the housing 30 is visible in Fig. 1. The front of the housing 30 includes an outer catch 
ring area 33 comprised of one or more, and preferably a plurality of, removably 

25 a t ta c ha b le and interchangeable catch ring segments 34 (shown more cleariy in Fig. 4). 
The catch area 33 is made from four such catch ring segm^its 34. The catch ring 
segments 34 are made from any dart-permeable and dart catching material. Two suitable 
materials are rubber and high density neoprene. Fig. 1 shows the dart 12} vs^ch landed 
dead straight into the upper catch ring segment 34. 
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3. A clear lem protective ring 36 (shovm more clearly in Figs. 3 and 4) spaced 
between the outer circumferential edge of the fitmt surfar>e of die dardM>ard 14, and an 
inner circular edge of the housing 30. The protective ring 36 prevents stray darts and 
debris from entering the interior of the dartboard 14. 
5 4. A display 38 for communicating the player score based on detected dart hits, 

and for receiving inputs from players regarding game conunands. The display 38 is 
functionally similar to conventional dartboard displays, and thus is not described in 
further detail herein. Hie display 38 includes a convrational display controller (not 
shown). However, a novel feature of the present invention is that the display 38 is 

10 detachable from the housing 30. Conventional dartboard displays, such as those used in 
the electronic dart patents cited above are integrated into the dartboard machine housing. 
Such machines, are used with plastic-tipped darts which will not damage display 
components if hit Since the present dartboard 14 may be used with steel-tipped darts 
which may damage display components if hit, it is preferred that the display 38 be 

IS physically moved out of hitting range of the dartboard 14 to avoid damage by stray darts 
12. Li Fig. 1, die display controller of the display 38 communicates with the electronics 
inside the dartboard machine 10 via cable 40. The cable 40 may be replaced by any 
suitable wired or wireless (e.g., radio frequency (RF) or infrared red (IR)) transmission 
medium. 

20 S. An object detection device 42 moimted in part to the back of the dartboard 14, 

and in part to the housing 30. The object detection device is not visible in Fig. 1, but 
selective mechanical parts are visible in Figs. 2, 3 and 6-8, and electrical/computer 
components are shown schematically in Figs. 12» 13A-13G and 14. 

Fig. 2 shows the dartisoard machine 10 with the front cover 32 removed, therd>y 

25 revealing additional details of how the dartboard 14 and object detection device 42 are 
configured in, and moimted to, the housing 30. The object detection device 42 has three 
major mechanical siibassemblies, (1) a rotating platform assembly, hereafter, "rotating 
arm 44", (2) a drive motor 46 for causing rotation of the rotating arm 44, and (3) a 

-10- 
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position sensor 48 for detecting tfie angular displacement of tlie rotating ann 44 relative 
to a fixed point 

In die disclosed embodiment of the present invention, the position snsor 48 
include a transparmt encoder disk 50 and an encoder sensor assembly, referred to herein 

S as an "encoder read head 52". Together, the encoder disk 50 and read head 52 fonn a 
digital incrmiental encoder. The encoder read head 52 is fixed to the rotating arm 44, 
and thus rotates widi the arm 44, and the disk 50 is stationary. Altonadvely, the encoder 
read head 52 coiild be made stadonary, and the encode disk 50 could rotate. The encoder 
disk 50 has a series of non-transparent tick marics or marks 53, such as 512 marles, 

10 equally spaced aroimd its circumference. The read head 52 detects the marks 53 via 
interruptions in a light beam emitted by the read head 52 and generates an electrical 
signal in the form of a pulse each time it sees one of the marks 53. The read head 52 may 
have a light source and detector on opposite sides of the encoder disk 50, or it may use a 
retro-reflective beam, wherein the light source and detector are on one side of the encoder 

IS disk50. Alternatively, the encoder disk 50 or a printed version thereof; may be fastoied 
to, or printed direcdy on, the back of the dariboard 14, and a reflective-type read head 52 
may be fixed to die rotating arm 44 feeing the back of the dartboard 14 to detect the 
marks 53. Alternatively, the outer circumferential periphery of the dartboard 14 may 
include a plurality of evenly spaced marks, bars, or the like, and a reflective-type read 

20 head 52 may be fixed to the receiver stqyport 82 (described below, and shown in Figs. 3 
and 8) to detect the marks or bars. Fig. 11 shows a read head 52 mounted on the receiver 
support 82 for implementing this alternative scheme. The encoded disk pre£»ably 
includes a protective dust cover (not shown). 

As described in Appendix C, the 512 tick marks 53 are extrapolated to obtain 

25 4096 detectable angular positions, wfaidi allows for shadow edge discrimination of less 
than 1/10 of a degree. Since the marks 53 and die system clock are used to obtain angular 
position, the rotating aim 44 need not be kept at a precisely constant speed. 

Other types of digital incremental encoders may be used, such as ones which 
operate on magnetic or mechanical principles. Absolute encoders or analog encoders 
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may also be usecU aMiough a dig^ inaemeatal encoder is p re fis a ed because it is 
beUeved to be the easiest and most cost-effective for ftecbosenelect^^ Siocedie 
sole function of tiie position sensor 48 is to detect tiie angular displacement of the rotating 
aim 44 relative to a fixed point, the position sensor 48 may be replaced by any suitable 

5 means iwfaich perform this function, such as an ang ulaT position detector associated with 
the drive motor 46, or with a direct drive mechanism substituted therefor. 

The drive motor 46 is fixed to the housing back or rear housing cover 54, wiiich 
may be made of any durable, light-weight, rigid material, such as aluminum, plastic or 
wood. The drive motor 46 includes a gear reduction assembly 56, such as an 1 850 to 120 

10 reduction, and an output shaft 58. The rotating arm 44 receives power fiom the ou^ut 
shaft 58 of the drive motor 46 via drive belt 60. The drive motor 46 may be replaced by 
any suitable means for driving the rotating arm 44, such as a direct drive mechanism. 
The drive motor 46 receives power from power supply and signal routing circuit board 
61. A source of power, such as 120 VAC is connected to the power supply and signal 

IS routing circuit board 61. The circuit board 61 is also connected to the scoring computer, 
described below, and also routes power and the ou^ut of the scoring con[q>uter to the 
display controller of the display 38. 

The purpose of the rotating arm 44 is to spin a radiation source, also referred to 
interchangeably as a light source or radiation emitter (hereafter, "transmitter 64'*) and an 

20 array of opposed light or radiation detectors (hmafter, "receivers 68") around the 
circumference of dartboard sur&ce 70. Fig. 8 shows the entire array of receivers 68, 
referred to herein in "receiver array 72." In one preferred embodiment of the invention, 
the receiver array 72 includes six receivers 68, referred to herein interchangeably as 
receivers 1-6, receivers 68,-68^ or receivers TR, MR, SR, DR, CR, 6. One such receiver 

25 683 is visible in the sectional view of Fig. 3. The receivers 68 arc all located in the same 
plane. The rotating arm 44 is preferably rotated about 90 to about 140 revolutions per 
minute (RPM). One suitable rotation speed is about 135 RPM (i.e., about 1>A revolutions 
per second or about 810 degrees per second). A fiist rotation speed provides fiister 
scoring of dart hits, but increases audible noise. 
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The rotating ann 44 and the position sensor 48 are attached to the dartboard 14 via 
center bolt 62. The colter bolt 62 also goes through tiie rear housing cover 54 to draw the 
mounting flange 102 against the hub 94. See, especially. Figs. 6 and 7. 

Figs. 3 and 6-8 show additional conqK)nents of the three major mechanical 
5 subassemblies and illustrate one embodiment of how the msgor mechanical subassonblies 
may be arranged. Refierence should be made to Figs. 2» 3 and 6-8 in understanding the 
description which follows. 

The transmitter 64 receives firing signals which are detected by the receivers 68 of 
the receiver array 72. The detected signals are processed by a scoring engine or scoring 

10 computer 74 to determine the presence and location of darts 12 on the dartboard surface 
70. The scoring computer 74 is located on the receiver siq>port 82 of the rotating arm 44. 
In one preferred embodiment of the present invention, shown in the figures herein, the 
receiver support 82 is a circuit board \^ch has the scoring computer 74 and receivers 68 
mounted thereon. The transmitter 64 and encoder read head 52 are coimected to the 

15 scoring computer 74 via wires which run along the base of the rotating arm 44, as shown 
in Fig. 3. A slip-ring assembly, discussed below, provide the necessary power and 
communications between the scoring computer 74 and the power supply and signal 
routing circuit board 61. 

Referring particularly to Figs. 3 and 8, the rotating arm 44 is q^proximalely 

20 rectangular in shape, althougli the exact shape and size is not critical, as long as it rotates 
the transmitter 64 and receiver array 72 aroimd the area to be detected. The rotating arm 
44 may be made of any durable, lightweight, rigid nuterial such as aluminum, plastic or 
wood, although alu minum is pre fe rred Three ofthe four sides of the rotating arm 44 
(excluding the receiver mounting side) are bent or turned up to form lips 78 for rigidity. 

25 The transmitt)»64 is mounted on a support 80 extending upwards fit)m one side ofthe 
rotating arm 44, and the receiver array 72 is mounted on a support 82 (which is the 
scoring compiiter circuit board in the illustrated embodiment) extending upwards fit>m 
the ofter side of the rotating arm 44. The transmitter 64 is fiirther extended fix)m the 
rotating arm 44 by a mount 84. As discussed in detail below, the receivers 68 are 

-13- 



wo 99/40388 PCTAJS99/02378 

preferably not spaced equally from each other, but instead are arranged so that particular 
detection beams 76 (76,-76^ pass through specific areas of the dartboard 14. Fig. llisa 
mid-section side view of the dartix>ard machine 10 and shows a more detailed view of the 
placement of the receivers 68 on the siqsport 82 (which is also the scoring computer 
5 circuit board). The receiver siq>port 82 is attached to the rotating arm 44 via tab siqsports 
85. The transmitter 64 outputs a divergent beam which is simultaneously received at all 
times by each receiver 68. Each detection beam 76 is thus defined by an imaginary line 
drawn between the transmitter 64 and the respective receiver 68. 

Figs. 3, 6 and 7 show a slip rmg assembly 86 comprised of rotating conductive 

10 slip rings 88 (three are shown) and non-rotating contact brushes 90 (three aie shown). 
The slip rings 88 are located on the outer circimiference of a rotor 92 which rotates 
aroimd a stationary hub 94. The three slip rings 88 and their respective contact brushes 
90 are xised for power, ground and bidirectional communication (including dart location 
data), respectively. A wire is soldered to tiie inside surface of each slip ring 88, and the 

15 wires are routed through a groove 95 in the rotor 92 up to the rotating arm 44, and along 
the rotating arm 44 to the scoring computer 74. The contact brushes 90 are electrically 
connected to the power siqjply and signal routing circuit board 61. An additional set of 
contact brushes 90 may be used for redundancy, or to provide additional power and/or 
communication lines. Fig. 6 fiirther shows a ball bearing assembly for permitting rotation 

20 ofthe rotor 92 around the hub 94. The ball bearing assembly includes iqjper and lower 
bearing mounts 96 witii inner and outer races, and ball bearings 98 mounted therein. Tlie 
rotor 92 is fixed to the rotating arm 44. The drive belt 60, via drive belt pulley 100, thus 
causes rotation of the rotor 92/rotating arm 44 assembly. 

The non-rotating components are fixed to the dartboard 1 4 via mounting flange 

2S 102 (shown in two parts in Fig. 6, but which may be a unitary part) which is screwed mto 
the back of the dartboard 14 and die center bolt 62 which extends through the hub 94 and 
screws into a c^tive mounting nut 104 embedded either fiilly or partially into the dead 
center of the back of the dartboard 14. The captive nut 104 preferably extends partially 
out of the back of the dartboard 14, as shown in Figs. 6 and 7, to allow for precise 
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centeri2]goffherotadiigazm44aiidposMonseiisor48ii^ The opening of 

the mounting flange 102 fiicing the captive not 104, labeled in Fig. 7 as opening 106, is 
sized slightly greater than &e outer diameter of tiie captive nut 104 to receive the 
ejctending portion of flie ciqstive nut 104. 

5 Additional coiiQ)onents of tiie mounting apparatus include an »coder disk 

support 108 and an encoder disk collar (not shown) for attachine die encoder disk SO to 
the encoder disk s\q>port 108. Attachment screws for the collar are visible in Fig. 6. The 
encoder disk support 108 is fixed to die hub 94, and may alternatively be formed as a 
unitary part of the hub 94. 

10 Appendix A is a detailed parts list of the mechanical components of the present 

invention described above, and includes additional componmts not described above. 

The mounting scheme described herein also allows the dartboard 14 to be rotated 
with respect to the housing 30 without having to remove any of the parts behind the 
dartboard 14. To rotate the dartboard 14, it is only necessary to loosen the center bolt 62, 

IS while it remains attached to the captive nut 104. When the new position is reached, the 
center bolt 62 is tightened to re-lock together all of the mounting components. Rotation 
of the dartboard 14 evens outwear on the dartboard 14 since not all s^ments are hit 
equally overtime. 

The dart location data is output by the scoring computer 74, and transmitted 
20 through the slip ring assembly 86 to the circuit board 61, v^ch routes the data to the 
display controller of the display 38. The data is preferably transmitted in a serial stream 
to minimize the number of transmission channels (e.g., slip ring circuits required). 

Other means may be used to communicate between the scoring computer 74 and 
the circuit board 61 and to pow^ die scoring computer 74, thereby eliminating the need 
25 for die slip ring assembly 86. For example, batteries may be mounted to the scoring 
conqiuter 74, and RF or DS. devices may be used for conununication. 

As discussed above, the preferred embodiment of die present invention in a 
dartboard environment uses a dartboard with a raised metal spider. Insuchan 
embodiment, the detection beams 76 axe preferably emitted about l.S mm to about 2 mm 
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above the Spider. Alternatively, the daifboaid may have a spider i^ 
flush to the surfiice, ori^ch is embedded in the spider. When using a flush or 
embedded spider, die detection beams 76 should be emitted as close to the daitboard 
sur&ce as possible, but not so close that sut&ce protrusions of the dartboard int^ere 
5 with the beam. 

The present invention detects darts by looking for detection beam shadows cast by 
a dart in the path of the beam. A dart shadow persists for a predetermined angular 
displacement of the rotating arm 44. Fig. 10 shows a modulated detection b^m emitted 
by the transmitter 64 (signal 1). If no dart or other obstruction is in the padi of any of the 

10 opposed receivers 68 at a given instance in time during rotation of the transmitter 64 and 
receivers 68, then each receiver 68 ou^uts a corresponding signal (signal 2). However, if 
a dart is detected in the path of the detection beam, the receiver signal becomes a logic 
"O" for a predetermined number of pulses (signal 3) until the transmitter beam no longer 
casts a shadow on the dart. In the example of Fig. 10, ^^ch is shown solely to illustrate 

IS the principle of the detection scheme, the logic state of "0" persists for about eight 

transmitter pulses. Since noise or sporadic interfering matter may cause the receiver 68 
ou^ut signal to occasionally go low when no dart is present, the detection circuitry 
should ignore low signals unless they persist for a predetermined number of pulses. For 
example, the receiver signal 4 is a logic low for only one transmitter pulse, and is thus 

20 ignored. To minimize the numbCT of false signals, the fiequency of the transmitter 64 is 
sufficioitly high so diat when the arm 44 is rotating at speeds of about 90 to about 140 
revolutions per minute (RPM), there are a sufficient number of transmitter pulses for each 
pass by a dart to generate a clear dart detection signal. 

Figs. 12, 13A-13G and 14 show a detailed schematic diagram of the hardware of 

25 the scoring computer 74. Fig. 12 shows the hardware of the transmitter 64 with overlaid 
functional blocks. Fig. 13A shows exemplary receiver TR (receiver 680 ^th overlaid 
functional blocks. Figs. 13B-13G show each of the sfac receivers TR, MR, SR, DR, CR, 6 
(receiver 68i-68e) without overlaid functional blocks. Fig. 14 shows the processing 
components, including the necessary microprocessor. Appendix B is a detailed parts list 
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oftfae individual Gomponeiits of lliescheii^ The opexadon of the scoring 

computer 74 hardware is self-explanatory fiom these figures and die parts list 
Accordingly, the circuits are not described in detail herein, other than to highlight 
particular features, as follows. 
5 Fig. 12 shows transmitter 64 which includes, in sequence, a reference generator, 

an LED driver and a light emitter. The LED emits primarily in the non-visible infiared 
region. The LED emits a single, divergent (broadcast) light beam -wbidi is 
simultaneously received at all times by each of the receivers 68, thereby simulating a 
plurality of individual transmittei^:eceiver pairs. The transmitter 64 may optionally be a 

10 laser beam. However, a laser beam embodiment is significantly more costly than an LED 
embodiment The transmitter may also optionally be comprised of a six individual 
narrow beams v^ch project fiom the same point and are aimed at the individual 
receivers 68. However, this scheme would be costly and difficult to implement 

A synchronous detection scheme is used to minimize the presence of erroneous 

IS detection signals caused by noise or stray receiver signals. In this scheme, the receiver 
signals are gated to the transmitter 64 so that signals from the receivers 68 are collected 
only when a transmitter pulse occurs. Accordingly, any signals detected by the receivers 
68 between transmitter pulses are ignored by the processing circuitry. 

Fig. 13A shows exemplary receiver TR (receiver 680, which includes, in 

20 sequence, a li^t detector, a high gain AC-coupled amplifier, a synchronous rectifier, a 
lowpass filter and DC amplifier, and a comparator. 

Fig. 14 shows one example of processing cixcuitiy \^ch uses four chips: (1) 
microprocessor U9, (2) a so-called "glue logic" chip UIO; (3) EPROM Ul 1; and (4) 
RAM U12 which fimctions as sa»tch memory for the microprocessor U9. In a low cost 

25 embodiment of the present invention, one suitable microprocessor U9 is a Phillips 
P80C32EBAA microprocessor, or eqmvalent This microprocessor has no onboard 
ROM, and thus an external ROM must be used for storing the scoring computer program. 
In Fig. 14, the scoring computer program is stored in the EPROM Ul 1. This 
embodiment is vulnerable to ill^al copying because the contents of the EPROM may be 

-17- 



wo 99/40388 PCT/US99/02378 

read directly firom the chq). In a Ugher cost, but more seciire embodiment of the present 
invention, a suitable microprocessor U9 is a Phillips P87CS2EBAA microprocessor, an 
Integrated Silicon Solution, Inc. IS89C52-20PL microprocessor, or equivalents th^^eto. 
These microprocessors have 8K of onboard memory which may be used to store the 
5 scoring computer program. If one of these microprocessors is used, EPROM Ul 1 is 
omitted fix>m the circuit These microprocessors have security provisions to prevent die 
program from being read. 

The six receiver outputs are input into pins 4-9 of the microprocessor U9. The 
microprocessor U9 also receives signab from the read head 52. In one embodiment of 

10 the invention, the microprocessor U9 samples signals from the read head 52 to detect tick 
marks 53. In addition, the microprocessor U9 samples signals from the read head 52 to 
detect the number of revolutions made by the dartboard 14, as determined by a revolution 
counting scheme. The two circuits for sampling the read head signals are shown in the 
lower middle portion of Fig, 14 (see 1/REV and TICKS signal lines). 

IS Figs. 1 5 A and 1 SB show two alternative revolution detection schemes. In the first 

scheme, shown in Fig. ISA, ^^ch is used in the presentiy disclosed embodiment, tbsre 
are SIO tick marks 53, and one index mark. The index mark has the width of two marks 
53 and thus is readily detectable by the encoder read head 52. In an alternative scheme, 
shown in Fig. 1 SB, there are two encoder disks 50, or two concentric circles defined on a 

20 single encoder disk 50. Onecirolehasapredeterminednumberof equally spaced tick 
marks 52 (e.g., S12 tick marks) and an encoder read head 52, and the other cncle has a 
single index rnark and a corresponding index noark encoder read head. In either 
CTibodiment, the index mark is used during a calibration routine to obtain a reference 
point, such as to indicate that the rotating arm 44 is at zero degrees. The tick marks 52 

25 are then used to determine the angular rotation in respect to the reference point 
The circuit in the upper left-hand comer of Fig. 14 is entirely optional and 
provides no functional capabilities. This circuit provides a visual "fim light" effect The 
infirarcd light knitted by the transmitter 64 of Fig. 12 is not visible because the emitting 
frequency is outside of the range of visible light The "fim light" circuit emits a steady 
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glow that bathes the dartboaid 14 in led light The Ugbt functions to entotain the pliQrm 
and to indicate to the pli^efs that the scoring computer 74 is on. 

The junq)er J4 at Ae very bottom of Fig. 14 is also optional and provides test 
points for the six receivers 68. 
S Appendix C is a functional flowdiart of the scoring computer program, and 

includes an explanation of each mqor function. This flowchart is self-explanatory and 
thus is not described in detail herein. 

Appendix D, in conjunction with Figs. 19A-19C, show the steps and geometric 
considerations of a dartix>aid calibration procedure. (A preferred calibration procedure is 
10 described below with respect to Figs. 21 A, 21B and 22.) The specific sequence of 
display bxxttons >^ch are hit will depend upon the programming logic of the specific 
dartboard display and scoring computer. 

Fig. 20 shows geometrically one example of how to detect the position of a dart 
after two shadow center lines are determined from two different angular positions of the 
IS rotating arm 44. In this example, signals from receiver MR (also known as receiver S or 
receiver 68}) are used for both shadow center lines. No information from any of the other 
receivers is used. One advantage of using the same receivers for both shadow center lines 
is that it simplifies tiie geometry, since the resultant triangles are equal. This speeds up 
the scoring process, since the calculations are less complex. If different receiver signals 
20 are used (e.g., one shadow center Une determined from receiver S, and another shadow 
center line determined from receiver 6) to find the intersecting point, then geometry must 
be adjusted because the resultant triangles in Fig. 20 will not be equal. This will cause an 
additional delay in the scoring process due to the extra calculations. 

The following notes should be used in conjunction with Fig. 20: 
25 P= (62-00^2 

C =R/cosP 

Assuming two shadows fix)m one detector R are known, ii^ut: 
2 encoder readings ("angles") 
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p = abs (O2 - 61^2 i^ch is always < ic/2 
« = (e, + 62)/2 

If the two angl^ are on opposite sides of the origm, tiie results must be adjiisted by n 
p = 7u- abs(e2-e,)/2 

5 « = ic-(e,+e2)/2 

Depending on v/bsxe the scan is started, 6] is not necessarily < 62, hence use the abs ( ). 
[ENDNOTES] 

In sum, the simplest geometry results from the use of the intersection of two 
shadow center lines obtained from the same receiver 68. A more complex sdieme, but 
10 equally feasible scheme, is to use the intersection of two shadow center lines obtained 
firom different receivers 68« A still more complex, but also feasible scheme, is to perform 
a least squares calculation using the shadow center lines obtained from all unobstructed 
receivers. 

As discussed in more detail below, it is not necessary to use the same receiver 
15 signal to obtain both shadow center lines vduch are used to determine the dart locadozL 
In niany instances, it is not even desirable to use the same receiver signals. 

Some considerations that determine i^ch receiver signals should be used and 
how receivers should be arranged are as follows: 

1 . Detection signals from receivers which do not clearly indicate that a dart is 
20 detected (e.g., noisy signals or signals such as signal 4 in Fig. 10) should not be used to 

form shadow center lines. 

2. The accuracy of the received signal improves as the detection beam moves 
away from the center of the dartboard 14. This is due to the &ct that the longest shadows 
are cast by the darts wiiich are closest to the dartboard center. A shadow may be in the 

25 range of 1 80 degrees or greater for detection beams defined by receivers CR and 6 which 
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pass at or near the o&stier of the dartboard for a dart that lands at or near the dartboard 
center. If a dart Mts dead craler, the dart wiU cast a 360 dqgree shadow ^e^tfamwiU 
a shadow at all pohots in the rotation) for a detection beam which passes directly through 
thecenter. Incontrast, the diadow may be in ttie range of few degrees for darts \i4uch 
5 land at edges of the dartboard and which are hit by detection beams defined by receivers 
MR and TIL 

OveTlq)ping shadows cause accuracy problems because an estimation must be 
made to find the center line of the shadow. Thus, receiver TR provides the most accurate 
signal, since it receives detection beams which are furthest away &om the center of the 
10 dartboard 14. Consequratiy, receivers CR and 6 provide the least accurate gignalq since 
they receive detection beams which are closest to the coiter of the dartboard 14. 

3. The receiver TR has the least amount of range, whereas the receivers CR and 6 
have the most amount of range. That is, darts which land on outer parts of dart segments 
are detected by more receivers than darts which land on inner parts of dart segments. 
IS Thus, for example, darts which fall near the center of the dartboard 14 do not cast any 
shadows that can be detected by the receiver TR at any point throughout rotation of the 
arm 44, whereas almost all darts wfaidi land near the cmter of tibie dartboard 1 4 will cast 
shadows detectable by receivers CR or 6 at two points throughout rotation of the arm 44. 
In view of these consideradons, one approach to msmmmn^ accuracy is to use 
20 the furthest most receives possible which receive clear detection signals. Another 

approach, v^ch is preferred and is used in the present embodiment of the invention, is to 
use a voting and weighting scheme, as follows: 

(a) Obtain the dart position (Le., ring and segment), as determined from each of 
the six receivers, or fix>m as many receivm as is possible. 
2S (b) Cast a vote for each receiver ofthe dart position. 

(c) Weight the votes by giving greater weigbt to receivers fieurthestfix>m the center 
(and i^ch provide the most accurate shadow center lines, as discussed above), and 
receivers vdiich have unobstructed, clear views (i.e., receivers which do not have to 
estimate the shadow center line due to overlapping shadows). 

-21- 



wo 99/40388 



PCT/US99/02378 



4. Appendix C e3q)lains how to detennine the center Ime of the shadow (Le., the 
^timated Ime v^ere fiie tip of tiie dart entered the daitboanl 14) when there are 

' ovolqjpmg shadows. To further explain dus process, consida Fig. 16. In Fig. 16, a 
previously thrown dart 1 and a newly thrown dart 2 casts a single shadow S|^2> ^ 
5 width of X-Y, and ^wdbich is detected by receiver MR as the transmitter traverses through 
arc P|. The shadow center line associated widi arc P| may be determined as follows: 

(i) Obtain a non-overlapping shadow detected at receiver MR for the new 
dart 2 at another transmitter arc (i.e., other than transmitter arc P}), such as arc P2. The 
scoring computer stores all previously determined shadows, so if no previous shadow was 

10 detected for receiver MR through arc P2, then it is presumed that the new shadow is the 
result of the new dart 

(ii) Determine the width of the non-overlapping shadow. 

(iii) Take the new edge of the overk^ing shadow subtract the 
width of the non-overlapping shadow obtained in step (ii) to determine where the oibsr 

IS edge for dart 2 falls along the line X-Y. 

(iv) Now that both edges are known, take the midpoint between the two 
edges and obtain the center line. 

5. Referring to Fig. 8, the receivers 68 are concentrated towards one side of the 
receiver array 72. i^ch is aligned with the center region of the dartboard to improve 

20 detectionaccuracy of darts \^ch land close to the center and in the buUse^ As 
discussed above, accuracy decreases for such center darts (due to larger shadows). The 
^ctra receivers 68 improve the prospect for obtaining receiver signals vAdch do not 
require shadow estimations. One preferred arrangement of receivers 3-6 (SR, DR, CR, 6) 
is shown in Fig. 8, and is illustrated more clearly in Fig. 17, and described as follows: 

25 receiver 3 (SR) - tai^ent to the single buUseye 
receiver 4 (DR)- tangent to the double bullseye 

receiver 5 (CR)- voy close to, or directly through the center of die double bullseye 
receiver 6 (6) - close to, but not directly duough die double bullseye 
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This sdieme allows for tiie scoring computer 74 to infer whether a dart is in the double 
builseye or single buUseye fiom the presence or absence of signals fiom particular 
reqeivecs. For exanq>le, if the leceiveis 5 and 6 both detect a shadow, a position may be 
computable in the normal manner. However, iftfais is not possible, tiien die scoring 
computer 74 may examine receiver 4. If receiver 4 does not detect a shadow, but 
receivers 5 and 6 both detect shadows, then the dart must be in the double buUseye 
region. Likewise, if receiver 4 detects a shadow, but receiver 3 does not detect a shadow, 
&en the dart must be in the single builseye region. Additional details regarding dart 
scoring in the builseye regions are given in the "Score dart" section of Appendix C. 

Fig. 21 A shows a preferred calibration tool 110 for use with a preferred 
calibration procedure described below. The calibration tool 110 has a four-prong or two- 
prong tip 112. Fig. 21B shows an end view of a four-prong tip 112. 

Fig. 22 shows the calibration tool 110 as it appears vfbsn placed on the dartboard 
14 in preparation for the preferred calibration procedure. The preferred calibration 
procedure is as follows: 

1 . The player presses the calibrate button on the display controller. 

2. The display controller sends the calibrate command to the scoring computer 

74. 

3. The scoring computer 74 sends an adcno^edgement to the display controller. 

4. The display controller indicates that tbe calibration tool 110 should be placed 
over the intmection of the outer triple ring and the divider between the 18 and 4 
segments. 

5. The player places the calibration tool 110 and presses enter on the disph^ 
controller. 

6. The display controller sends a command to tiie scoring computer 74 to tell it 
to take the first reading. 

7. The scoring computer 74 takes a reading and sends an acknowledgement to 
the display controller. 
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8. The display controller display indicates that the calibration tool 110 should be 
placed over the intosection of the outer triple ring and the divider between Ae 16 and 7 
segments. 

9. The player places the calibration tool 110 and presses ent^ on the display 
S controller. 

1 0. The display controller sends a command to the scoring computer 74 to tell it 
to take the second reading and perform the calibration computations. 

11. The scoring computer 74 takes a reading, performs the calibration 
computations and sends an acknowledgement to die display controller. 

10 12. The scoring computer saves the calibration resiilts. 

The two point calibration helps to adjust for variations in the shape and position 
of the spider 16 and the mounting of the dartboard 14. Calibration is necessary to adjust 
for variations in the placement of detectors (i.e., receivers 68) on the scoring computer 74 
and rotation of the dartboard 14. 

IS The scoring computer 74 locates the center of an object over the dartboard 14 by 

using the position that corresponds to the middle of the shadow. For calibration, this 
information is used to locate specific points on Ae dartboard 14 by placing the calibration 
tool 110 or a dart 12 at Ae point of interest. Using a dart 12, the calibration function is 
actually locatmg the center of the dart 12, not the intersection of two dividers of the 

20 spider where tiict dart 12 is placed. Since the dart 12 is adjacent to and not directly over 
the desired calibration point, the calibration function must adjust the computed location to 
take into consideration the radius of the dart 12. Tlie radius of darts can vary Scorn 
manufacturer to manufacturer, introducing an enor into the calibration results. 

The calibration tool 1 10 is designed to fit over the spider intersection, thus 

25 precisely locating the center of die tool over the calibration point(s). The width of the 
calibration tool 110 is not significant since the scoring engine inherently locates the 
centerline of the object over the dartboard 14. 

The scope of the present invention is not limited to the particular arrangement of 
receivers 68, but includes other airangements which provide sufficient scoring accuracy. 
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A filst and inesqmisive scoring computer should miTiiinize the use of complex receiver 
processing methods, since program storage requirements and score detection time 
increases nq>idly with conq>lexity. 

Additional features may be added to improve the dart detection capabilities. For 

5 example. Fig. 1 8 shows a sonic detection circuit 200 for detecting when a dart has struck 
the dartboard 14. When a steel-tipped dart iiits a bristi^ard dartfooard, an audible thump 
is generated The circuit 200 includes a microphone 202 disposed against, in, or near the 
dartboard 14 and a dart hit detector 204 programmed to detect a frequency or frequencies 
associated with the thump. The dart hit detector 204 outputs eitiier a high or low signal 

10 which is gated to the dart microprocessor U9 shown in Fig. 14. A high signal indicates 
that a dart was detected, and the microprocessor should look at the signals from the 
receivers 68. A low signal indicates that no dart was detected, and the micioprocessor 
should not process any receiver signals. This scheme minimizes false scoring from darts 
which momentarily land on the dartboard 14 but do not stick to the dartboard 14. 

15 To conserve power and reduce wear of moving mechanical parts, the 

microprocessor may optionally start a timer after each dart detection and to turn ofTtfae 
drive motor 46 if no subsequent dart hits are detected after a predetemiined period of 
time. 

Hie microprocessor may also optionally keep a running total of the number of 
20 times that a dart hits each dartboard segment and output a signal indicating that the 

dartboard 14 should be rotated after a segment has been hit a predetemiined number of 
times. The microprocessor may also optionally keep a running total of the number of 
times that a dart hits the dartboard 14 and output a signal indicating that the dartboard 14 
should be replaced afier the dartboard 14 has been hit a predetermined number of times. 
25 The scoring computer 74 'may also be used to automatically advance the display 

38 to die next player by detecting the removal of darts from the dartboard fix^nt sur&ce. 
During game play, the object detection device 42 and the scoring computer 74 work 
together to constantiy scan the dartboard 14 for darts and to score any detected hits. 
When a player's turn is over, the player removes all of the darts from the dartboard 14 
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befioie the next player throws any daits. Thus, the scoring computer 74 may determine 
when all of &e darts have been rCTioved fiom the dartboard 14 and may send a signal to 
the display controller of Ae display 38 to automatically advance the display to the next 
player. In this manner, the player does not need to manually press the player advance 
button ^^ch is provided on conventional displays. In an alternative embodiment of this 
automatic advancing feature, the display may advance to the next player upon detecting 
the rraioval of less than all of the darts, rather than waiting until all of the darts have been 
removed. 

To minimize crosstalk between the receivers 68, the receivers 68 may be selected 
to operate at different bandwidths, and the transmitter 64 may be selected to output a 
broad range of frequencies, including each of the different bandwidths. 

Although the present invention is described in a dartboard embodiment, the 
principles set forth above are equally applicable to other types of sur&ces, and the scope 
of the invention includes object detection systems for other types of objects and surfaces. 

It will be q)preciated by those skilled in the art that changes could be made to the 
embodiments described above without departing from the broad inventive concept 
thereof. It is understood, therefore, tbattiiis invention is not limited to the particular 
embodiments disclosed, but it is intended to cover modifications within the spirit and 
scope of the present invention as defined by the appmded claims. 
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APPENDIX C 

SCORING ENGINE PROGRAM FLOW 
The following sequence is rq)eated continuously: 
Tick for tick - Collect samples for 1 revolution 
If the number of sample changes - 2 and darts thrown this roimd > 0 
All darts have been removed, reset values for the next player 
else if current samples > previous samples 
if darts thrown < 3 
n = 0 
do 

n«n+l 

prepare the detectors for scoring 

Tick for tick - Collect sanq>les for 1 revolution 

Shadow capture - extract the shadow edges for each detector from the 
samples 

Find darts - conq>ute die dart position for each detector 

Score dart - consolidate the results of the detectors while the number of 
results >n 

if a satisfactory result was found 

send the result to the front panel 

save the edge infonnadon for the next dart 

else check for calibration mode 

Calibrate - calibmte the unit 

The following is a description of individual functions: 
TICK FOR TICK 

Thei:e are 512 encoder ticks per revolution. The program samples the detector and encoder 
information repeatedly looking for changes. When a change occurs, the program stores the 
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number of ticks before tiie diange, the tm When the next tick 

occurs, the program divides the time into eighths and computes viiich eightii tiie change 
occurred in and stores tliis along with the otiier data. This is repeated until all 512 encoder ticks 
have been seen. 

Dividing the 512 encoder ticks into eight intervals give an effective sampling interval of 1 in 
4096. 

SHADOW CAPTURE 

This function extracts the rising and falling edge pairs for each detector fironi the data collected in 
Tick for tick. Subsequent processing is done for each detector independent of the others. 

FIND DARTS 

This function first attempts to fioKi the cento: oftiie shadows corresponding to a new Thisis 
done by matching the current edges against the previous edges. If both edges of a pair do not 
match any previous edges; it is considered a new shadow. If one edges matches and the otiier 
doesn't, it is consid^ed a hidden shadow. Edge pairs that match previous edges are ignored in 
subsequent processing. Previous edge pairs that can no longer be accounted for may indicate a 
dart that has fidlen out 

If at least one new shadow and one hidden shadow have been found, the program tries to find the 
centers of the shadows. This is done by finding the value exactiy between the two edges. For 
hidden shadows, it is necessary to find the "hidden" edge by subtracting the width of the new 
shadow fix)m the new edge of the hidden shadow. The centers of the shadows correq;)ond 
direcdy to the angle of the PC board when the detector is centered on the dart 

If the function is able to find two angles, it can compute die distance (r) and angle (theta) of the 
dart using similar triangles. 
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tfaeta- (anglei angle2)/2 - calihiated angle ofibet 
r - calibrated detector radius / cos (theta) 

The r and tfaeta values are converted to a ring and segment of the dart board ^wfaich are returned 
from the function. If the function is unable to find two angles, no ring and segment are returned 
and the detector is not used in scoring the dart 

SCORE DART 

This function takes the ring and segment results from each of the detectors and resolves any 
discrepancies using a priority weighting system. In general, the detector &rthest from the center 
of the board without any hidden edges is given the most weight. 

In cases near the center of the board wliere the dart position measurement is less reliable because 
tfaeshadowsaielarger, and in/out test is used to verify results. Two detectors are placed such 
that they are tangent to the single bull and double bull rings. If a center detector "sees" a shadow 
and the double bull detector does not see it, a double bull is scored. Likewise, if a center detector 
or the double bull detector "sees'* a shadow and the single bull detector does not, a single bull is 
scored. 

The result of die function is die scoring weight (single, double, triple) and the segment of the dart 
scored. The number of different results is also available to judge the quality of the result 

CALIBRATE 

Tliis function is used to compensate for variations in the position of the detectors and the rotation 
ofthe board. A measurement is taken of one or more darts in known positions. Thedifference 
between die known location and the measured position is stored for each detector. These values 
of r and theta are then used to correct the computed positions of the darts during normal scoring. 
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APPENDIXD 

DART BOARD CALmRATlON PROCEDURE 
To perfoim a calibration: 

1. Throw 3 darts 

2. Press any player button to reset dart counter 

3. Place your fist on the board, the LED's will come on 

4. Remove your fist and place it back on the board, the LED*s go off and the unit beeps and 
displays a 1 

5. Remove fist and all darts 

6. Place a dart in the triple 4 in the comer closest to 1 8 and the outer edge of the board 

7. The unit beeps and displays a 2 

8. Removethedart, wait briefly and place the dart in the comer of the single 18 near the 
outer triple ring and the 4 (Le., in the diagonally opposite comer of the intersection of the 
4-18 segmmt divider and the outer triple divido) 

9. The unit should beep and display 3 or 6 

10. Remove the dart, the board is calibrated 

Notes: 

If ttie LED's come on during game play, remove all darts and wait 10 seconds. If the LED*s do 
not go off, turn the unit off and back on. The calibration will not be affected. 

If the second or tiiird beep above does not hi^ypen within 5 seconds after placing the dart, remove 
the dart, wait 5 seconds and replace it 

If any problems occur, turn unit off and back on to reset it 
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What is claimed is: 

CLAIMS 

1. An appaiaius for detecting the presence and location of at least one object in a 
field, the apparatus conqnising: 

(a) a rotating ann ^wfaich spins around the field, tiie rotating aim including (i) a 
transmitter and, (ii) an opposing receiver array mounted tiiereon, the receiver array including a 
plurality of receivers located horizontally coplanar with each oth^, the transmitter and receiver 
array being fixed relative to eadi other, the transmitter ou^uttmg a detection beam that emmntft^ 
fiom a single pomt, overlaps the field, and is simultaneously received at all times by the plinality 
of receivers of the receiver array, the receivers detecting changes which occur in the field as a 
result of an object being in the field; 

(b) a position sensor for detecting the angular displacement of the rotating mm 
relative to a fixed point; and 

(c) a processor for receiving output signals from the plurality of receivers and 
angular displacement data corresponding to the output signals, and determining therefiom the 
presence and location of an object in the field. 

2. An q>paratus according to claim 1 wherein the field is a dartboard fiont sur&ce 
and the detected object in the field is a dart i?^ch lands on the dartboard &ont sur&ce. 

3. An qiparatusaccordiiig to claim 2 whereui die receivers are coricentrat^ 
towards one side of the receiver array vMdx is aligned witii a center region of the dartboard. 

4. An apparatus accordinp to claim 3 vAerein the dartboard inelMdeg a gin gl e 
buUseye and a double builseye and the receiver array includes six receivers, the third receiver 
being located so that the detection beam is tangent to die single builseye, the fourth receiver 
bemg located so that the detection beam is tangent to the double builseye, the fiitti receiver being 
located so that the detection beam is very close to, or directiy through the center of the double 
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bullseye» and the axtfa leceiver being 1 
directly dirough die double buUseye. 

5. An qpparatus accordrng to claim 2 fttrther cnmp rising : 

(d) a sonic dailMt detector having a fisstou^ut^en no dart iut is detect^ 
a second output v/bsn a dart hit is detected, die outputs of the sonic dart hit detector being 
electrically connected to the processor, herein the processor proce^es the receiver output 
signals only when the sonic dart hit detector generates the second output 

6. An apparatus according to claim 2 wherein the detection beam projects about 
2.S nun to about 3^5 nmi above the daitboaid front sur&ce. 

7. An apparatus according to claim 2 wherein the processor keeps a running total 
of the number of times that a dart hits each dartboard se gm ent and outputs a signal inriip>fftipg that 
die dartboard should be rotated after a segment has been hit a predetermined number of times. 

8. Aniqypaiatusaccordingtoclaim2 wherein the processor keeps a runnii^ 
of die number of times that a dart hits the dartboard and outputs a signal iwHiratifig that the 
dartboard should be replaced after the dartboard has been hit a predetermined number of times* 

9. An ^[iparatus according to claim 1 vAierein the processor uses output a 

from a single receiver obtained at two difiEnent an gulgr positions of the rotating arm to detect the 
presence and location of the object in the field. 

10. An apparatus according to claim 9 vdierein the processor uses the output 
signals from the furthest most receiver from the centar of the field vAdch receives clear output 
signals. 
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11. An appaiatns accoiding to claim 9 wherein the procesmr ussfi mitpiit gigtmlg 
from a plurality of Ac receivers obtained at two diflfoent angular positions of the rotating arm to 
detect the presence and location of die object in the field by: 

G) obtaining the object location from as many receivers as is possible, 
Qi) casting a vote for each receiver ofthe object location, and 
(iii) weighting the votes by giving greater weight to receivers jEarthest from 
the center of the field, and receivers which have unobstructed, clear views of the detection beanL 

12. An apparatus according to claim 1 i^erein the transmitter's detection beam is 
a divergent beam. 

13. An apparatus according to claim 1 whereui the transmitter is an LED winch 
emits primarily in the non- visible infimed regiorL 

14. An apparatus acconiiiig to claim 1 wherein the transmitter d^ection beam is 
formed fibm aplurality of individual narrow beams ^ch emanate fiom the same point and are 
aimed at respective individual receivers. 

15. An apparatus according to claim 1 wherdn each of die receivers operate at 
different bandwidths, and the transmitter outputs a plurality of fiequencies, mcludmg each of the 
different bandwiddis, thereby mnitTniying crosstalk between the receivers. 

16. An apparatus acconiiiig to claim 1 indierein the pnK:essor processes the outpm 
signals fiom the plurality of receivers only during the time periods when the transmitter outputs 
fhe detection beanL 

17. An apparatus according to claim 1 fiirther comprising: 
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(d) adrive motpr far cmiynng rotation of the rotatiiig arm, wherein the processor 
canses the drive motor to turn offif after a predetennined period of time, no output signals are 
received fixim the plurality of receivers indicating the presence of an object 

1 8. An apparatus comprising: 

(a) a dai^ard having a fiont sur&ce, the dartboard incliiding: 

0) a bristle dartboard, 

(p) an inner bull and an outer bull ananged concentrically on the bristle 

darttniard, a«d 

(iii) a firamework of interlocked, radial strips and circumferential strips 
mounted on the brisde dartboard to delineate different scoring segments, each radial strip being 
connected to the out^ bull and a pl\irality of the radial strips being also connected to the inner 
bull; and 

(b) a device for detecting the presence and location of at least one dart on the 
dartboard fiont sur&ce, the device comprising: 

Q) a rotating aim M^ch spins around tiie dartboard fiont sur&ce, the 
rotating arm including at least one transmitter and at least one opposing receiver mniintH 
flneon, the at least one ttansmitter and Hic at least one receiver being fixed relative to eadi 
other, the at least one transmitter outputting a detection beam tiiat overlaps the dartboard fiont 
suifiice, and is received by the at least one receiver ^9^ch detects changes tfiat occur in the 
dartboard fiont surfiice as a result of a dart being in the darAoaxd; 

Gi) apositionsensorfor detecting the angular displacemrat of the rotating 
ami relative to a fixed point; and 

Qii) a processor for receiving an output signal fiom the at least one 
receiver and angular displacement data corresponding to the output signal, and detennining 
tiierefiom the presoice and location of a dart in the dartboard. 

19. An qiparatus according to claim 18 wherein the outer bull of the dartboard 
inclu d es a plurality of slots equal in number to the number of radial strips. 
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20. An apparatus accoiding to dmn 1Q whgfgm caeh raHtal strip of thpt HfT t^iffT^ 

includes a plurality of spaced iqmrt slots for receiving a circumfaratial strip and for being 
received in a coixesponding slot in the outer bulL 

21. An apparatus accoiding to claim 20 wherein the inner bull of the dardM>aid 
indudes a plurality of openings spaced equally about its circumference for receiving an end of a 
respec tiv e radial strip. 



22. An ^aratus according to claim 1 8 Avfaerein the framework of interlocked, 
radial strips and circumferential strips define a spider which projects above the dartboard fix>nt 
surface. 

23. An apparatus according to claim 22 viierein the spider projects above the 
dartboard front surface about 1 .0 mm to about 1 .75 mm, and the detection beam projects about 
2^ mm to about 325 mm above the dartboard front sui&ce. 



24. An apparatus according to claim 18 wherein the inner bull of the dartboard 
mdud^ a plurality of openings spaced equally about its ckcumference for receiving an end of a 
respective radial strip. 



25. Ansq>paratusacconiingtoclaim 18\ydieremtheatleastonereK 
comprises a receiver array, and the at least one transmitter is a single transmitter, the receiver 
may including a plurality of receivers located horizontally coplanar widi each other, the 
transmitter and receiver array being fixed relative to each other, the tranfanlttBr miipitritig a 
d^ection beam that emanates from a single point, overlaps the dartboard fi»nt sur&ce, and is 
simultaneously received at aU tunes by the plurality of receivers of the receiver array, the 
receivers detecting changes which occur m the dartboard fiont surface as aresuh of a dart being 
in the dartboard. 
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26. AnqqsaiatusacconiiDgtocIaim ISiwfaoem 
about 2.5 mm to about 3J2S mm above the dartboaxd front suzftce. 

27. An q>paratus according to claim 18 wherein the framework of interlocked, 
radial strips and circumfermtial strips define a spideri^ch is flush with tht* Astrthr^nr^ front 



28. An ^)paratus according to claim 18 wherein the framework of interiocked, 
radial strips and circumferential strips define a spider whidi is embedded within the dartboaxd 
front surface. 



29. A dartboard apparatus comprising: 

(a) adartboard; and 

(b) a housing for mounting the dartboard therein, the front of the housing 
including an outer catch ring area having at least one removably attachable catch ring segment 
made of dart*permeable and dait f^ tchifi g "^fltmnl, 

30. A dartboard apparatus according to claim 29 i?rfieiein the oiitgr eatrJi ring ai^ 
includes a plurality of removably attachable catdi ring segments. 

31. A dardxiaxd apparatus according to claim 30 indierein the catch ring segments 
are mterchangeable with each otho:. 

32. A dartboard s^yparatus comprising: 

(a) a dartfMraid having a front sux&ce and a back, the dartboard including a 
captive mounting nut embedded into the dead center of die bad^ 

(b) a housmgfor mounting the dartboard tfaoeiii, the housing having a back; 

(c) a drive motor including a rotor and a stationary hub, the stationary huh having 
a center bore therethrough; and 
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(d) a bolt iwfaidi extends diioughtiie back of the housk^ 

die stattonary hub, and ^ndudi saesws into die captive mounting nut for securing the housiiig anH 
drive motor to the back of the dartboard, the cqstive mnunt iTi g nut allowing the dartboaid to be 
rotated relative to the stationary hub and the housing by loosming the bolt while it remains 
attached to the captive mounting nut, rotating the dartboard with respect to the stationary hub and 
housmg, and tightening the bolt when the new desired position is reached. 

' 33. A dartboard apparatus according to claim 32 further comprising: 

(e) a mounting member having a flange and a hub, gach having a CCTter bore 
theredirough, the flange being flush against the back of the dartboard and being attached to the 
back of die dartboard, ^^erein a portion of the center bore of the stationary hub receives the 
flange, the bolt also extending through the center bore of the mounting member hub and flange. 

34. A dartboard apparatus according to claim 33 wherein a portion of the 
mounting nut extends outward from the back of the dartboard and the flange includes an opening 
for receiving the extending portion of the cqitive nuL 

35. An ^paratus according to claim 2 v^erein the dartboard front sur&ce has an 
outer circumferential edge, the iq)paratus further comprising: 

(d) a housing for mounting the dartboard therein, the housing having an inner 
cuDCttlar edge; and 

(e) aclear lens protective riixg spaced between the outer circumferential edge of 
die dardx)ard front sur&ce and die inner circular edge of die housing* 



36. A dartboard iQ)paratus conqirising: 

(a) a dartboard having a front surfiwe; and 

(b) an electronic dart detection device for automatically scanning the dartboard 
front surfiace, the dart detection device outputting signals indicating the presence and location of 
darts which land and remain on the dartboaid front suifiice; and 
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(c) an automatic scQxing device £3r receiving the 

signals and tiaddng dart scores for each player in a dart gamej tht* mnnmati n cfyTTing 
detecting the removal of at least <me dart from the dartboard ftont sur&ce based upon the dart 
detection output signals received fiom tiie dart detection device and outputting a next player 
signal iq>on detection thereof 

37. A dartboard apparatus according to claim 36 further conxprising: 

(d) a display controUer for receiving the next player signal, the display controller 
thereby causmg a scoring display to automatically advance to the next player. 

38. A dartboard apparatus according to claim 36 wherein the automatic scoring 
device outputs a next player signal upon detection of removal of all of the darts fiom the 
dartboard fiont sur&ce. 
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